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Japanese Patent JP,2832224,B 
[Detailed Description of the Invention] 

<Field of the Invention> It is precise, and adhesion is good, a crack does not generate the 
plating layer, but it is made for endurance and corrosion resistance of this invention to 
improve about the manufacture approach of nickel covering zinc base alloy metal mold. 

<Prior art> the former — the object for a prototype, or small amount production — public 
funds - the cheap zinc base alloy metal mold which it begins to delete from the block of 
the thing which polished the zinc base alloy cast, or a zinc base alloy as a mold is used. 
By the way, although the cheap metal mold which can produce for example, a 10,000- 
shot unit is demanded from the flow of little multiproduct production in recent years, 
since a degree of hardness is about Hv=100-130 at most, the above-mentioned zinc base 
alloy metal mold cannot be home at production of a 10,000-shot unit. Then, zinc base 
alloy metal mold is made to perform and carry out improvement in endurance of the 
nickel plating, and making it correspond to production of a 10,000-shot unit is tried. 
And when performing nickel plating to zinc base alloy metal mold in this way, since a 
dimension is also large, it is suitable [ the configuration of metal mold is complicated, 
and ] to adopt non-electrolyzed nickel plating (non-electrolyzed nickel plating). 

<Object of the Invention> However, when the usual non-electrolyzed nickel plating by 
the U.S. surface technology company, for example, non-electrolyzed nickel plating for 
zinc die casting, is performed to zinc, a detailed crack occurs and there is a problem 
that corrosion resistance runs short. In view of such a situation, it is precise, and 
adhesion is good, a crack does not generate this invention, but it aims at offering the 
manufacture approach of nickel covering zinc base alloy metal mold of having given 
nickel plating layer with endurance and corrosion resistance. 

<The means for solving a technical problem> The nickel covering zinc base alloy metal 
mold concerning this invention which attains said purpose is faced performing direct non- 
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electrolj^ed nickel plating to the front face of the metal mold which consists of a zinc 
base alloy, and is characterized by being unmersed in the non-electrolyzed nickel-plating 
liquid which is chosen from the group of benzenesulfmic acid sodium besides organic- 
acid nickel salt, hypophosphite, a pyrophosphate, a phosphoric acid, and ammonia, 
saccharin sodium, and sodium allylsulfonate and which contains a kind at least. 
Since nickel covering is given to the direct zinc base alloy, decortication like before does 
not arise, moreover it is precise, and since there is also no generating of a crack, abrasion 
resistance and the corrosion resistance of the nickel covering zinc base alloy metal mold 
by the manufacture approach concerning this invention are good. In addition, the zinc 
base alloy is used as an object for prototype metal mold from the former by this 
invention, aluminum, Cu, Mg, Co, etc. can usually be added to Zn, and a zinc-alloys-for- 
stamping alloy (trade name: 3.9 - 4.3% of aluminum, 2.5 - 3.5% of Cu(s), Mg 0.03 to 
0.06, the remaining Zn) can specifically be mentioned. 

And in this invention, after performing and rinsing the usual pretreatment to the metal 
mold which consists of a zinc base alloy mentioned above, non-electrolyzed nickel 
plating is performed, but in order to form a good and directly precise coat in a zinc base 
alloy, the plating liquid containing organic-acid nickel salt is used. Moreover, altiiough 
this non-electrolyzed nickel-plating liquid contains the hypophosphite of a reducing agent 
besides organic-acid nickel salt, and the ammonia, pyrophosphate and phosphoric acid as 
an additive, it contains a kind further as being chosen out of the group of benzenesulfinic 
acid soditun, saccharin sodium, and sodium allylsulfonate for crack prevention as it is 
few. 

Although, as for usual non-electrolyzed nickel-plating liquid, a nickel sulfate, a nickel 
chloride, etc. are used as nickel salt, these are not desirable in order to act as a catalyst of 
the zinc elution of the under [ a plating bath ] out of a zinc base alloy. In this invention, 
since organic-acid nickel salt is used, zincky elution can decrease as much as possible. 
Here, wdth organic-acid nickel salt, formic-acid nickel, nickel acetate, lactic-acid nickel, 
citric-acid nickel, etc. can be mentioned. 

O.OSmol/** - 0.2 mols / ** is usually suitable for nickel content in non-electrolyzed 
nickel-plating liquid. This is because superfluous nickel deposits in a bath, and it 
becomes causes, such as an autolysis of a bath, and is not [ both ] desirable at under 0.05 



mols / **, if a plating life is short, is not practical and surpasses 0.2 mols / **. 
What is necessary is on the other hand, for hypophosphorous acid, sodium 
hypophosphite, a hypophosphorous acid potassium, etc. to be usable, and just to let the 
concentration be the 0.7 to 3 times as many range as this by the mole ratio to the content 
of nickel as hypophosphite as a reducing agent contained in non-electrolyzed nickel- 
plating liquid. Since the deposit effectiveness of nickel according [ the mole ratio to 
nickel of hypophosphite ] to a reducing agent becomes low in less than 0.7 times, it is 
necessary to add a reducing agent frequently, if it is not practical and 3 times are 
surpassed on the other hand, reducing power will become strong too much, and in a bath, 
nickel will deposit, and it will autolyze, and is not [ both ] desirable. 
Moreover, the ammonia and the pyrophosphate which are added in non-electrolyzed 
nickel-plating liquid are for making nickel and a weak complex form, attaining 
stabilization of nickel and forming the good precise coat of adhesion in up to a zinc base 
alloy. 

Here, the optimum range of the concentration of ammonia and a pyrophosphate is the 
range of 0.05-0.3 mols / **, respectively, and is range more than the mol number and 
EQC of nickel salt. If there is less ammonia or pyrophosphate than this range, since the 
stability of a bath is low, it is not [ that it is easy to produce bath decomposition ] 
desirable with the not sufficient adhesion of a deposit coat, either. 
On the other hand, if [ than the above-mentioned range ] more, since it becomes a steam 
in the case of bath heating and is easy to diffuse, an environment worsens, and the elution 
volimie of ammonia of the zinc from a zinc base alloy also increases, it shortens the life 
of a bath, and is not desirable. 

Moreover, in nonelectrolytic plating liquid, the phosphoric acid is added with ammonia 
and a pyrophosphate. This phosphoric acid works so that the crystal of nickel which 
deposits may be made detailed, it attains ebumation of a plating coat, and improves 
abrasion resistance and corrosion resistance to the rise pan of a degree of hardness. 
Moreover, since it combines with Zn eluted in the neutral region and a phosphoric acid 
precipitates as insoluble phosphoric-acid zinc, they can decrease in number the effect of 
the zinc eluted during the bath sharply. In addition, the addition of a phosphoric acid is 
good at 0.01-0.1 mols / **, and ultralow volume. The correspondence force to the eluted 
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zinc is small, and if 0.1 mols / ** is surpassed on the other hand, the operation as an acid 
becomes strong and it is not [ both ] desirable at under 0.01 mols / **. 
Furthermore, although it is thought that the benzenesulfinic acid sodiimi, saccharin 
sodium, or sodium allylsulfonate used by this invention for crack prevention reduces the 
stress in a coat, and prevents a crack, it is good to use in the range of 0.1-1 Og / 
**. It is because the remarkable improvement in the crack prevention effectiveness is not 
foimd but is economically disadvantageous, even if this is not remarkable, and it has the 
crack prevention effectiveness [ good ] for a coat for lOg / ** and it uses it by under O.lg 
/ **. In addition, two or more sorts may be mixed and these additives may be used. 
8.0-10, and temperature have [ the conditions at the time of processing zinc base alloy 
metal mold by the non-electrolyzed nickel-plating bath which consisted of elements 
which were described above / pH ] optimal 55-65 degrees C. since alkalinity will be 
high and zincky solubility will increase rapidly, if pHlO is surpassed while precipitation 
of nickel hydroxide generates from a bath by less than eight pH although what is 
necessary is just to adjust pH by the potassium hydroxide or the sodium hydroxide ~ both 
- being desirable . 

Moreover, if whenever [ batfi temperature ] is made into less than 55 degrees C, since tlie 
reducing power of hypophosphite is weak, plating speed is too slow, and it becomes [ the 
amount of scattering of the ammonia under bath increasing above 65 degrees C, and 
maintaining bath balance ] difficult and is not desirable preferably. 
By processing by the non-electrolyzed nickel-plating bath explained above, directly, it is 
precise, and adhesion is good, a crack does not occur in zinc base alloy metal mold, but 
the good nickel coat of endurance and corrosion resistance can be formed in it. When the 
nickel coat formed by such approach has a degree of hardness more than Hv>=500 and a 
steel mold and the salt spray test was presented [and ] with this nickel coat, even after 24 
hours passed by the thickness of lOmicro, generating of white rust was not accepted. 
Furthermore, after carrying out heating maintenance at 300 degrees C for 2 hours 
supposing injection molding, also when it quenched underwater, neither the crack of a 
coat nor exfoliation was produced. Moreover, when the high-speed repeat trial was 
performed in about 40 seconds/the cycle between 250 degrees C and 50 degrees C, even 
if it went through 1000 cycle, exfoliation of a crack or a coat was not accepted. 



< fruit ** Example > examples 1-12 Injection molding metal mold was cast in the 
commercial zinc base alloy (ZAPREC by Mitsui Mining and Smelting Co., Ltd.), and 
pretreatment which leaves only a cavity side and a core side, masks other garbages, 
and consists of the usual bath liquid cleaning, alkaline degreasing, acid washing, and 
neutralization was performed and rinsed. Then, it galvanized by being immersed in the 
non-electrolyzed nickel-plating liquid of the presentation shown in the 1st table - the 3rd 
table. In addition, plating conditions are also collectively shown in the 1st table - the 3rd 
table. 

Thus, about the formed plating coat, it evaluates about corrosion resistance, adhesion, and 
a degree of hardness, and the result is also shown in the 1^^ table - the 3rd table. In 
addition, after corrosion resistance's evaluating the surface state after carrying out a salt 
spray test for 24 hours by the rating number of JIS H-8502, and the adhesion of a coat 
heating metal mold at 300 degrees C and holding for 2 hours, the crack of the coat when 
putting in underwater and quenching and the condition of a blister are observed, and the 
degree of hardness of a coat is evaluated as 50g of loads with a micro Vickers hardness 
plan. 

Examples 1-3 of a comparison About what performed the same pretreatment as the same 
metal mold as an example for the comparison, using respectively the PARATORU en 
sulfo amide known as a stress reducer instead of and naphthalene 1 and 3, such as sodium 
allylsulfonate for crack prevention, 6-Tori sulfonic-acid sodium, naphthalene 1, and 
5-disodium sulfonate as an additive, it galvanized and was similarly estimated as the 
example. This result is shown in the 4th table. 
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From the above result, when benzenesulfinic acid sodium, saccharin sodium, and sodium 
allylsuifonate are used, corrosion resistance is good, that is, it was admitted that 
generating of a crack was prevented. In addition, as it was thought that these additives 
showed remarkable effectiveness in combination with specific ****** used for this 
invention and it was shown in the example of a comparison, even if it used the additive in 
which a stress reduction operation is shown, corrosion resistance remarkable 
improvement was not found. 

<Effect of the invention> Since this invention added more than a kind of benzenesulfinic 
acid sodium, saccharin sodium, and sodiimi allylsuifonate to specific ****** and the 
direct non-electrolyzed nickel-plating coat is given to the zinc base alloy as explained 
above, it is precise, and the coat does not have a crack, and is excellent in endurance, 
corrosion resistance, and abrasion resistance, and its adhesion is also good. Therefore, the 
zinc base alloy metal mold which can also bear injection molding of a 10,000-shot unit 
enough can be offered. 



[Translation done.] 



Partial English Translation of Laid-Open Patent Publication 
No. 52-115749 

(Published on September 28, 1977) 

Japanese Patent Application No. 51-32487 
(Filed on March 26, 1976) 

Title: HIGH CORROSION RESISTANT RAIL 
Applicant: NIPPON STEEL CORPORATION. 

[Page 2, last line of upper left block, through line 5 of 
upper right block.] 

The present invention is a high corrosion resistant 
rail, wherein a Fe-Cr, Fe-Ni, Fe-Cr-Ni, Fe-Cr-Mo or Fe-Cr- 
Ni-Mo alloy diffusion layer is formed at a thickness of 5 ^ 
to 1000 fi on the entire surface of the rail, with the 
exception of the top face and side surfaces of the head 
portion of the rail. 

[Page 2, last line of upper right block, through last line 
of lower left block.] 

The alloy diffusion layer is made of a Fe-Cr, Fe-Ni, 
Fe-Cr-Ni, Fe-Cr-Mo or Fe-Cr-Ni-Mo alloy. A Fe-Cr alloy 
diffusion layer is formed from the same components as so- 
called stainless steel, having extremely high corrosion 
resistance to corrosive environments associated with 
seawater. * Although the corrosion resistance of a Fe-Ni 
alloy diffusion layer is slightly inferior to that of the 
Fe-Cr alloy diffusion layer, it provides an alloy diffusion 
layer having durability in environments associated with 
seawater. 

A Fe-Cr-Ni alloy diffusion layer is formed from the 
same components as so-called austenite stainless steel, and 
can be expected to provide corrosion resistance even 



greater than that of Fe-Cr. Even further, Fe-Cr-Mo or Fe- 
Cr-Ni-Mo alloys, which contain in addition Mo, are capable 
of increasing pitting corrosion resistance as a result of 
the enhanced pitting corrosion resistance effect of Mo. 

Although the alloy diffusion layer thickness is a 
vital factor directly effecting the diffusion layer 
composition as well as corrosion resistance, when the 

thickness is less than 5 fi, since defective portions in the 
layer are produced and thus sufficient corrosion resistance 

cannot be obtained, 5 is taken as the lower limit. Any 
effect of improvement in corrosion resistance when the 
thickness is made in excess of 1000 /^ shows little 
difference from that of 1000 and below, yet requires 
lengthening the manufacturing time and also invites 
increases in production costs, and therefore, 1000 fx is 
taken as the upper limit. 



• # 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accxirate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ ip^E CUT OFF AT TOP, BOTTOM OR SIDES 
j^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (USPTO) 



